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DISTURBANCES IN THE POWER SUPPLY NETWORK OF
BUCHAREST SUBWAY SYSTEM (PART 1)

Alexandru Ionut CHIUTA®, Liviu Mihai SIMAZ,
Nicoleta Doriana SECAREANU?

Rezumat. In prezentul studiu este descrisi problema distorsiunilor apdrute in refeaua
principala de alimentare a metroului Bucuresti (sub pamant) cauza si actiunile, la fel si
masurile luate pentru limitarea distorsiunilor produse. Toate acestea sunt reflectate in
masuratorile facute utilizand osciloscopul Fluke instalat la punctul de dispecer, urmdnd a
fi procesate.

Abstract. In the present study it is exposed the problem of disturbances in the main
power supply of Bucharest Subway (underground) system, the cause and their action, as
well as the measures taken to limit the disturbances produced. All this is reflected in the
measurements made using oscilloscope Fluke installed at the dispatch point, following to
be then processed.

Keywords: power supply system, electromagnetic compatibility, disturbance, influence, disruptive
voltages

1. Introduction

For the Bucharest Subway, the problems with the disturbances in the main power
supply system exist. These problems were revealed once with the measurements
made using oscilloscope Fluke installed at the dispatch point.

1.1. Subway substations connection to electric power network
Subway substations connection to the electric power network is made by:
a) High level short circuit currents due to strong loop network;

b) All transformers of 110 kV / MV (medium voltage) of power stations have the
neutral connected to earth on 110 kV - so in the City of Bucharest is a
homopolar current circulation with damaging effect on the reinforced concrete
buildings;

¢) On the side of medium voltage in the power network and consumers connected
to the medium voltage (20 kV - for example, Bucharest Subway Line II)
capacitive neutral displacement occurs, with the effect on telecommunication
systems and closed circuit television;
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d) As in the power stations 110 kV / MV (for example IMGB), the short-circuit
powers vary from power substation to power substation and within the same
power substation from busbars to busbars, at National Power Dispatch we
made short circuit calculation, in real terms, for the entire electric power
network of the electrical company in the spring time. These results are needed
to determine the interaction between electrical substations of the Subway
system and electric power network. This interaction depends on the power
level installed in the electrical company’s power substations and short-circuits
power at the point of connection;

e) Through the Subway system tunnel, the harmonic currents close and penetrate
through transformers - power rectifier substations of Subway. They overlap
with the currents through cable casings which connect the Subway system and
the electrical company. In this way, a parasite movement occurs between
Subway’s power substations and the electrical company’s power substations. In
the electrical company power substations, power transformers are installed that
supply the Subway system. They differ in number, power and short circuit
voltage. The power transformers with different characteristics are connected in
parallel for a short period, causing a loop current circulation among the power
substations of the Subway system and the electrical company.

1.2. Features of subway train

a) Trains of the Subway system, depending on how they were constructed and
maintained, have characteristics that differ from train to train;

b) Depending on how the subway train is driven (according to the driver mental
state) the current shock varies, as well as the shock duration and voltage shocks
- on the DC (direct current) side As a result, the energy consumption varies;

c) If the DC motors are not properly maintained and do not have anti-parasitic
capacitors, the ignition phenomenon at the collector occurs. This causes stress
on the train wagons and electromagnetic disturbances;

d) Depending on the sensor cleaning mode and the third metal track, sparks occur
during the start.
1.3. Features of runway

a) Due to poor insulation of the runway along the tunnel in some areas, variable
potentials type "hopping" occur;

b) Size and change of their variation were highlighted by measuring and recording
the voltage drop on a portion of 500 m along the tunnel “U” shape — during the
time when this portion was covered by a train in start-up;
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¢) As a new technical solution by recording with a Fluke oscilloscope installed at
Dispatcher, the induced disturbances were observed in a telecommunications
cable (e.g. closed loop circuit television). The cable was shorted to the ground
by 75 Q impedance equal to the characteristic impedance in the Subway
system power substations. Following the trains position in the tunnel, it was
found that areas with damaged insulation or careless construction of the
runway can be highlighted;

d) There are areas where stray currents appear between the runway rails, e.g. level
of 800 - 1200 A. That causes the phenomenon of “pinching”. This is due to
careless construction of the runway.

1.4. Features of Transformer - Rectifier Unit

a) In the point of connection in the MV power network (20 kV) of the Bucharest
Subway system, whose feeds are made by very long cables, due to cable
capacity, the resonant phenomena occur (oscillations of order of kHz), because
of switching phenomena;

b) Because the electrical company’s power network is over compensated (highly
capacitive), placing capacitor batteries cause resonance (oscillation). The
resonant frequency of oscillation depends on the ratio between the reactive
power of capacitors and stray capacity over power short circuit. Also,
according to this ratio the harmonic spectrum depends;

c) Because the degree of loading (current shock produced by the Subway system
trains) varies rapidly and has duration of tens of seconds, the resonant
frequency varies, as well as the degree of compensation, the degree of
deformation of voltage at the point of connection and the voltage curve. The
electric current registered on feeders depends on the relative power of the
rectifier, the angle control, the network impedance, the inductance branch in
parallel and the cable resistance;

d) For highlighting these phenomena, there were recorded voltage and current
harmonics 3rd, 5th, 7th, 9th, 11th, 13" ... 31% on the IMGB power substations’
busbars;

e) These features vary from substation to substation and reveal any construction
deviations (hidden defects of the equipment) and interaction among the metallic
frame - rectifier - power transformers — the electrical company power network.
When the measurements finished and conclusions drawn, the designer of the
Subway system has decided to replace the universal rectifiers with thyristors;

f) These harmonics penetrate the close loop television equipment: monitors,
coupling transformers, connecting cables, cameras;
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g) Because of the rapid changes in the current when the subway train starts, it
causes the magnetic field variation and voltage dips, the electric field
harmonics at dispatcher were recorded and power electric laboratory, as well.
It was found a similarity between the form of variation sizes and recorded
ones;

h) During the start-up process, the voltage, current, active power, distorting power
and apparent power were recorded simultaneously to see the influence of
switching phenomena;

i) All such records have imposed the need for a data bank on industrial equipment
applications - giving real-time behaviour. It appears the need to improve the
runway insulation - which was carried out carelessly -and, as well,
determination by an effective method of behaviour of electric power
installations in a new section put into service:

- features of voltage - current in the subway train;

- voltage harmonics;

- variable potential along the tunnel;

- graph recording of disturbances submitted to telecommunication cables.

1.5. Behavior of switching equipment

a) Following the short-circuit test near and far in the IMGB substation, it was
found that the high- speed circuit breakers behave normally and switching over
voltages do not occur. Not exceed 18 kA < 30 kA — present value of guaranteed
short-circuit;

b) After the short-circuit test near and far (stations Piata Sudului, Aparatorii
Patriei) it was found that the high-speed breakers behave normally, but short-
circuit currents of 29 kA appear, as well as switching over voltage of
1260 V > 850 V;

c¢) From the test of disconnecting and connecting the rectifier on DC and AC side
when there is no train or train to start - it is found that the switching equipment
behaves normally;

d) Recording DC voltage shows the presence of harmonic of 300 Hz produced by
the hex phase rectifier.
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1.6. Behaviour of Closed Circuit TV (CCTV) equipment

a) Electromagnetic disturbances of frequencies between 50 Hz-50 MHz penetrate
all equipment of the subway system;

b) The strongest penetration is observed through the CCTV cable (double shielded
cable) - because along the tunnel there are variable potentials and the cables do
not meet the terms of the level of insulation - since it takes over as the variation
of variable potentials along the tunnel,

c) In the CCTV cable, insulation breakthrough occurs, changes in insulation
resistance and electrical resistance, as well;

d) Inductive coupling of screen with wire inside creates low impedance for the
return current through the screen (the disruptive route);

e) Connecting the screen to earth (tunnel - with variable potentials) forces the
disruptive current returns from the central wire through the screen.

1.7. Preliminary Conclusions

Using Fluke devices, in the work we have established new measurement
methodologies, we checked them and realized measurement result analysis. They
led to the following conclusions:

- Have established the precise conditions of operation of upgraded traction
rectifier RSTM - 0825M;

- Have set the effect of electric traction substations of the electrical company’s
power system. To define solutions for admission to the technical norms, there
were determined the short-circuit currents and characteristics of the electrical
company’s 110 kV / MV power network;

- Have defined technical solutions to framing into technical regulations for
operation under deforming system and load shock throughout the Subway
Line II;

- Have established the causes and nature of disturbances that occur in the closed
circuit television system at the central dispatch of the Unirii 1 station. To
diminishing that, the runway insulation needs to be improved, subway frame
optimized and properly maintained as well.
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2. General electromagnetic compatibility

2.1. Definitions

ELECTROMAGNETIC COMPATIBILITY is the condition in which the level of
immunity to disturbances of any device on the system is higher than the level of
disturbances to which the device is subjected in the system. Concept of
electromagnetic compatibility refers to the system in which the device is used (TV
monitor, TV room, TV cable), a device having the ability to be compatible in one
system but not necessarily in another.

COMPATIBILITY LEVEL is the level of disturbance, less than or equal to the
immunity of any undisturbed device in the system but equal to or greater than the
disturbance level generated by the system disrupters.

NOMINAL COMPATIBILITY LEVEL is the estimated one under nominal
conditions, with acceptable variations, e.g.: frequency, voltage and load.

CRITICAL LEVEL OF COMPATIBILITY is the level of the best advantageous
conditions. It should be considered in emergency or rare events, in which case the
protection and safety measures should be taken and enforced to prevent: human
casualties, scraping, interruption of work and damage to equipment.

ELECTRIC IMMUNITY LEVEL of a device is defined as the maximum amount
of disturbance that can be applied to, without losing its performance. The degrees
of severity are:

- functional immunity level;

- failure immunity level;
- damage immunity level.

COMPATIBILITY MARGIN is defined as:

- difference in decibels between the level of immunity to disturbance of the
device or system and level of disturbance to which it is subjected. Compatibility is
the case of system or subsystem in which the margin in dB is positive;

- ratio between the level of immunity to disturbance of the device or system
and level of disturbance to which it is subjected. Compatibility is the case of
system or subsystem in which the ratio is bigger than 1.

INTERFERENCE lies in the effects due to disturbances, incompatible with
achieving the performances required.

SUSCEPTIBILITY is the capacity of a device, apparatus or system with that
responds to the unwanted energy of disturbances.
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2.2. Disturbances
Disturbances may be manifested in the two forms:

- common mode interference or longitudinal interference, which consists in
the appearance of a harmful energy relative to a common reference, usually
weight, for both routes of signal or feeding;

- simple mode interference or normal or serial interference.

Harmful effects can be created by running resistance or mechanical movements
that produces changes in capacity or by vibration of a current path in the magnetic
field or by combined phenomena of electrical corrosion.

Line scanning of TVs, if not treated against disturbances, emits interference on
15,625 Hz and its harmonics.

2.3. Influences

In case of electrical installations of subway we have the voltage between 1 - 20
kV, on neighbouring wire telecommunication lines (CCTV cable), we have the
following influences:

a) ELECTRIC INFLUENCE - effect of electric component of power line electric
field (LE);

b) MAGNETIC INFLUENCE - effect of magnetic component of power line
electric field,

c) RESISTIV COUPLING - effect of current passage through the ground of
electrical installations.

Following the measurements and their processing it is determined the allowable
limits and calculation conditions, as well as it is indicated the specific measures to
reduce the effects of influences - for the protection of people, facilities and
broadcasting against hazardous and harmful effects of these influences.

The works of protection against dangerous influences will be executed before
putting into operation of the installations that make them necessary.
3. Closed circuit television (CCTV)

3.1. Introduction

Equipment of closed circuit television (CCTV) of Line I, sections 1 and 2. This is
based on a draft prepared by the projection department of subway. It is used
CCTV equipment on higher standards.

Based on the project, the CCTV installation consists in fig. 1. We have:
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signal generator (any of the cameras placed in stations IMGB Depot — Piata
Unirii 2);

transmission line (coaxial cable between stations and 7 cable corrections,
placed by one in stations IMGB — Piata Unirii 2);

output to the transmission line (at each station one Automatic Video
Distributor, switching of coaxial line was done by remote control relays).

Platform 1 Platform 2
CV1 Ccv4|)
Platform1 Vestibule1
Cv2 CV5 ]
Platform 2 Vestibule2
ovs v
Escalator
MV DN hall V7]
T
an
dispenser |
A machines
—b)
\ﬁ >sz'ntral
dispatch

Fig. 1. Closed Circuit Television (CCTV).

3.2. Performance

Level of performance is as follows:

CCTV installations in stations have a level of quality to the limit of
acceptability for the image reproduced on local monitors;

signal transmitted on the coaxial line from inter stations is highly disturbed and
distorted on reception;

image obtained after the first cable correction is strongly influenced by
disturbance and has frequent non synchronization;

image obtained after the second cable correction is totally out of
synchronization and contains hardly detectable content.
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3.3. Primary findings

CCTV installation on analysis indicates that the high density of electrical
equipment, power supply configuration and underground tunnel signalization
of the subway system produce significant interference and electromagnetic
interactions. These cause adverse effect in functioning of the CCTV
installation.

3.4. Disturbances
3.4.1. Sources of disturbances

After measurements, data were obtained on disturbances in the areas of disposing
the CCTV equipment. Electrical influences can be classified as follows:

a) electromagnetic influences;
b) electrochemical influences.

Electromagnetic influences can be:

al) low frequency electromagnetic influences (f <10 kHz);
a2) high frequency electromagnetic influences (f > 10 kHz).

Low frequency electromagnetic influences may have several causes, such as:

al.l) current variation caused by the start of subway train (change in magnetic
field);

al.2) voltage variation caused by the start of subway train (change in electric
field);

al.3) ohmic connections of the current paths due to treatment of neutral
Subway system Line I and in the electrical company’s power supply that
feeds the Subway power substations. Capacitive unbalance and neutral
displacement influence the CCTV lines.

It was found that the frequency spectrum of disturbances is correlated with the
system power supply frequency and operating frequency, as well. Disturbance
intensity in the CCTV installations depends on the position of the subway in the
underground tunnel and the motors operating mode on the train wagons (electric
arc on collector, current shocks and voltage variations).

3.4.2. Ways of disturbance penetration

Regarding the penetration of disturbances in the CCTV facility, it was found by
measurements; the disturbances penetrate through both coaxial signal line and the
equipment (by electromagnetic influences). On the disturbance that penetrates the
coaxial line, the measurements highlight a significant increase (over 10 times) the
level of disturbance on the Subway Line Il in relation to Subway Line I. The
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perturbation (distortion) introduced in the signal line, measured between IMGB
Depot and Unirii 2 stations, and is correlated with the "hopping™ potential levels.
They are variable along the tunnel and approximately equal to the average of the
latter. From measurements it was found that the disturbances level that penetrates
the coaxial line is favoured by low insulation resistance of the coaxial cable
between stations. This parameter shows large fluctuations over time. For example,
the insulation resistance between the signal cable exterior armature to the ground
belt between Piata Sudului and Constantin Brancoveanu stations varies between
400kQ/1kV and 100MQ/1kV. The minimum acceptable insulation resistance is
considered to be at least 10MQ/1kV (15MQ/1kV).

Under these conditions the following situations are possible:
- CCTV signal cable has the screen interrupted or portions without screen (cable

quality);
- CCTV cable grounding is not done properly.

Measurements made show that the "hopping” potentials on the tunnel and
electromagnetic influences make impossible the idea of changing the arrangement
of the tunnel coaxial lines to ensure a minimum acceptable of the insulation
resistance.

Penetration of the disturbance in the CCTV installation takes place from electric
power feeding and earth contact, as well. Assessment of the perturbation level in
the feeding power network was done by measuring on all 20 kV busbars and
general distribution panels (GDPs) in all stations of the entire Subway Line I1I.
Also, measurements were made at TGDs in the Unirii 1 station: dispatch area, on
the camera and monitors.

Grounding belt of CCTV installations in stations is heavily perturbed.
Comparison of the segments of earth belt between stations shows, in terms of
grounding of the disturbances, a critical sizing (for CCTV installations) and / or
an untidy construction and / or inappropriate execution of grounding of the
electrical equipment in Subway Line Il and the CCTV system respectively.
Interaction between the CCTV cable and grounding belt is so strong that, even
with decoupling, disturbances are still very high.

3.4.3. Susceptibility to disturbances of CCTV chain

Regarding the susceptibility to disturbances of the CCTV chain and possibility of
increasing immunity to disturbances, it was found that CCTV equipment is not
qualified for operation under conditions of disturbances.

From this point of view, the standards of industry products mention, in the chapter
of "environmental conditions”, that the equipment is designed for operation in
environments free from strong electromagnetic fields and disturbances.
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It is not defined a level of immunity to disturbances introduced by electric supply,
ground contact and parasitic coupling.

Products are aligned with the standards of radio interference in that such
disturbances produced by equipment (and placed in the power supply or radiated
from the field) do not exceed the level required by STAS, so do not disturb radio
reception.

For example, isolation transformers which supply the CCTV installation on
sections 1 and 2 of Subway Line Il are inappropriate in terms of perturbation.
That requires their replacement or duplication of isolation transformers.

It was found that the disturbance acquired by a corrector, is (5... 20)% higher than
the disturbance taken by the integrated corrector in similar conditions.

3.4.4. Blocking Techniques

Regarding the possibility of applying techniques of "blocking of perturbed
element to the operation of disruptors”, we see that the operation of installation
(continuous viewing of the image on the monitor) does not allow blocking image
signal during the occurrence of disturbances caused by the start of the subway
wagons.

Solutions of type of “resynchronization of perturbation" proves laborious, as well
as they require testing and modifications. They would not fall in the attempt to
operationally resolve the electromagnetic compatibility in the CCTV installation
of Subway Line II.

Table 1. Measurements made by the team of specialists on Subway Line |

Signal Electro Lateral
(station chemical resistance -
Nr. linter- km vault potential (CR-PT) Runway Humidity Note
station) [mV] [Q km]
Depot concrete
111 Industriilor +59 3,16 traverse semi-dry
[B6A]
112 Corridor +96 3,16 concrete | water
entrance traverse [infiltration
113 Tunnel 1 +106 3,16 concrete | water
entrance traverse [infiltration
114 [B3A] 105 | +173 3,41 concrete | water
traverse [infiltration
115 [B5A] 305 +85 2,35 concrete | comi-dry
traverse
116 415 | +123 3,16 CONCIEe | comi-dry
traverse
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117 IX] - | 503 | 4142 2,70 concrete |y
traverse
118 [XP1] - |ews | 481 235 concrete | 4y
traverse
119 [XP2] - | 750 | +159 1,78 concrete | water
traverse |infiltration
1.1.10 | Industriilor - - +85 2,0 concrete dry
traverse
1111 [B1] - | 190 | +126 2,35 concrete | water
traverse [infiltration
1.1.12 [B3] 6,564 | 455 +212 6.24 concrete dry
traverse
concrete
1.1.13 [B5] - 675 +206 5,27 tavarss dry
1114 | Pacii-[X] - | es0 | +208 1,64 concrete | gy
traverse
; concrete
1.1.15 | Pacii-[X] - - +146 0,29 traverse dry
1.1.16 [B1] _ | 267 | +308 2,35 CONCrete | o mi-dry
traverse
1117 [B3] - | 645 | +265 7,17 CONCIete | comi-dry
traverse
concrete
1.1.18 [B5] - 1015 +251 6,82 traverse wet
1.1.19 [B7] - | 1395 | 4247 5,27 concrete wet
traverse
1.1.20 [B9] - |12 | +305 2,35 concrete | water
traverse [infiltration
Armata concrete water
1.1.21 Poporului- - 1970 +143 2,13 L .
IX] traverse [infiltration
Armata concrete
1.1.22 Poporului- - - +45 2,35 traverse dry
[X1]
1.1.23 [B1] - 1380 +300 20 concrete wet
traverse
1.1.24 [B3] - 1010 +267 2.0 concrete wet
traverse
1.1.25 [BS5] - 635 | +282 1,64 concrete wet
traverse
1.1.26 [B7] - 270 +149 1,52 concrete wet
traverse
117 | Politehnica- ) 52 +150 0.8 concrete et
[X] traverse
1.1.28 Politehnica- - 800 39 0,36 concrete wet
[X1] traverse
1.1.29 [B1] - 590 +42 213 concrete wet
traverse
1.1.30 [B3] - 280 +83 3.16 concrete wet
traverse
1.1.31 - - 145 | +130 3,61 wood wet
traverse
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1132 Ve_ntllayon i -289 213 wood ~ Water i
unit switch traverse [infiltration
1.1.33 [B5] - -66 2,0 concrete |y .
traverse
1.1.34 [B7] - +3 2,0 wood dry corridor
traverse
Eroilor- wood .
1.1.35 [XM] - =72 1,52 traverse dry corridor
1136 | Eroilor-[x1] | - -40 213 wood dry | corridor
traverse
1.1.37 [B1] 2,949 -60 2,0 wood dry | corridor
traverse
wood .
1.1.38 [B3] 3,170 -60 3,41 traverse dry corridor
1.1.39 [B5] - -60 4,67 wood dry corridor
traverse
wood .
1.1.40 Izvor-[X] 3,705 -150 6,24 traverse dry corridor
1141 | lzvor-[X1] | 3,900 -90 6,27 wood dry | corridor
traverse
1.1.42 [B1] 4,300 -120 6,24 wood dry | corridor
traverse
wood .
1.1.43 [B3] 4,482 -138 7,17 traverse dry corridor
1.1.44 [B5] 4,803 +20 3,41 wood dry | corridor
traverse
1145 | PiataUnirii- |y o7 -30 4,67 wood dry | corridor
[X] traverse
Piata Unirii- wood water .
1.1.46 [X1] 5,272 40 1,64 traverse |infiltration corridor
1.1.47 [B1] 5,451 - 3,88 wood dry | corridor
traverse
1.1.48 - 5,638 -48 4,67 wood dry | corridor
traverse
[B3]- wood
1.1.49 ventilation 5,762 -70 6,50 dry corridor
unit traverse
1.1.50 [B5] - -15 6,24 wood dry | corridor
traverse
1.151 [B7] 6,379 - 5,93 wood dry corridor
traverse
Timpuri wood .
1.1.52 Noi-[X] 6,540 -20 - traverse dry corridor
Timpuri concrete :
1.1.53 Noi-[X1] 6,866 -75 3,41 traverse dry corridor
1.1.54 [B5] 7,540 +30 - concrete dry .
traverse corridor
1.1.55 [B7] - +10 6,24 concrete semi-dry | corridor
traverse
Mihai concrete corridor
1.1.56 Bravu-[X] 8,010 +85 2,35 traverse dry
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Mihai wood
1.1.57 | Bravu-[X1]- - -180 0,26 dry corridor
gate AC traverse
wood
1.1.58 [B1] - +20 - traverse dry -
1.1.59 (B3] 218 4 - concrete |y ;
traverse
1.1.60 [B5] 540 | +20 - concrete |y ;
traverse
1.161 [B7] 838 10 - concrete |4y ;
traverse
. concrete .
1.1.62 | Dristor-[X] 20 -166 0,35 traverse - oil spots
1.1.63 | Dristor-[X1] 180 +9 - concrete |y ;
traverse
1.1.64 [B1] 193 50 - concrete |4y ;
traverse
concrete
1.1.65 [B3] 494 +50 - Traverss dry -
messy
1166 [B5] 692 +10 ) concrete watery | corrosion
o traverse spots on track
shoe
1.1.67 [87] 105 +27 ) concrete ) )
6 traverse
Nicolae
1.1.68 | Grigorescu- 139 -43 - concrete wet -
IX] 0 traverse
Nicolae
1.1.69 | Grigorescu- 153 -50 4,15 concrete dry -
[X1] 5 traverse
1.1.70 [B5] 600 -180 5,58 concrete dry -
traverse
Titan[X]/ ) ] concrete )
1171 AC +190/-90 2,51 traverse dry
1172 | Titan-[X1] ; -90 3,16 concrete |\ ot -
traverse
1.1.73 [B1] 194 | -110 2,35 concrete wet -
traverse
1.1.74 [B3] 485 | -100 2,35 concrete | gy -
traverse
1.1.75 [B5] 763 +74 3,41 concrete wet -
traverse
Costin concrete
1.1.76 Georgian- 961 -94 1,52 dry -
X] traverse
Costin concrete
1.1.77 Georgian- - +10 1,41 traverse dry -
[X1]
101 concrete
1.1.78 [B1] 0 +100 3,16 traverse dry -
1.1.79 [B3] 750 | +115 3,61 concrete |4y -
traverse
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concrete

1.1.80 [B5] - 490 -190 2,35 dry
traverse
1181 [B7] - | 270 -80 1,30 concrete | water
traverse |infiltration
1182 | Republica- - 70 +110 9,35 concrete | oo mi-dry
[X] traverse
Republica- concrete
1.1.83 [X1] - - -90 2,70 traverse dry

4. Disruptive Voltages on Power Supply
4.1. Admissible limits

Disruptive voltages on the AC supply terminals of the wire telecommunications
shall not exceed the limits:

Table 2. Disruptive voltages on the DC terminals and the transmission lines terminals

Frequency [MHZz] Permissible limits [dB]
0,15...0,50 66
0,50...5,00 60
5,00...30,00 66

Disruptive voltages on the DC terminals and the transmission lines terminals
should not exceed the limits above, plus 30 dB.
Disturbing field must not exceed 46 dB (0 dB = 1 pV / m) in the frequency range
of 30 ... 300 MHz at measuring distance of 3 m.

4.2. Disturbances

An electric converter (rectifier - inverter) disturbs other systems via the common
cable for connection to the grounding bar.

Let’s be a CCTV system coupled on the same grounding route, with a length of 10
m, to an electric converter that switches currents of 20A in about 4 ps.

It follows a galvanic coupling disturbing voltage on the grounding wire:
(grounding connection inductance is about 1uH per cm length).

AU | = LA and
AT
|AU| =100V

If it switches 50A in 0.5 ps, with fast commuting elements. Disturbances caused
by the electric converter in the electric network overlap disturbances by grounding
connection.




134 Alexandru Ionut Chiuté, Liviu Mihai Sima, Nicoleta Doriana Secareanu

On switching currents of hundreds or thousands of amperes, the presence of
parasitic and distributed inductances and capacitances create resonance and
reflections phenomena. In this situation, surges of order of kilovolt can develop.

Capacitive coupling is its own disturbances by voltages, disruptive sources having
low impedance.

Inductive coupling is its own disturbances by currents, acts as a power source
connected in series with the input of disrupted circuit.

Disturbances may occur in an infinite number of forms, as frequency spectrum.
Harmonic voltages depend on the load impedance, disturbance source impedance
and impedance of power supply.

Devices with non-linear behaviour generate disruptive voltages of different
frequencies (harmonics are generated of applied voltage and produce high
frequencies that may disturb).

If simultaneously at least two voltages of different frequencies apply to a non-
linear device, inter-modulation distortion components appear, including non-
harmonic components, because the combination of harmonic components.

So, you may experience disruptive voltages from the sums and differences of
input voltage harmonic frequencies.
4.3. Parameters of disruptive voltages
Key parameters of a disruptive voltage are:
- peak-voltage;

- front-velocity, proportional to "richness™ of harmonic spectrum ((:i_ilj

- disturbance ,,energy” j wdt (on the reference impedance);

- time interval of peak level or length of time that the level of disturbance
exceeds the reference limits.

Proper functioning of electrical equipment, in terms of disturbances in the
network, implies not to be affected by:

- voltage interruption not exceeding 10 ms, except electric power circuits;
- voltage drop not exceeding 0.5 s and 15% of nominal supply voltage;

- voltage peaks not exceeding 1.5 ms, with values below 200% of nominal line
to line root square voltage.
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Industrial electrical disturbances have a very broad spectrum. The spectral
richness exceeds 50 MHz with a given energy concentration around
100 kHz ... 150 kHz, and in the low frequencies, as well.

At low frequencies, up to 5 ... 10 kHz, the disruptive levels are determined by the
harmonic frequency of 50 Hz and combinations thereof.

In the industry there are large peak voltages of several kilovolts.

For disturbances including over 30 ... 35 kHz frequencies, the parasites can be
considered like impulses.

Disruptive voltage distribution function on a network can be assessed by the
relationship:

FlU)=1-e™ where AU =U,, -U,
Uwm = disturbance amplitude in impulses
Uy = threshold device for measuring disturbances
Long-term disturbances are characterized by area (Vs) described by:
s=AU

where: 7 = disturbance time lengh

parazit " ¥ parazit parazit

Capacitive coupling is one of the main routes of penetration of disturbances in the
Subway CCTV system.

4.4. Minimizing of parasitic voltages
Parasitic voltage in CCTV system (disturbed) can be minimized if it is reduced:

- pulsation, by reducing the perturbing spectrum, equivalent to mitigate wave
abrupt fronts;

- input resistance of the receiver by:
- reduction of the value of input impedance to the limit accepted by the
operational diagram and consumers;

- reduction selectively of the input impedance with the frequency by
filtration.

- disruptive voltage generator by:
1. separation and sorting routes;
2. reduction of the level of disturbing element.

- value of parasite coupling capacity.
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Capacitive coupling is shown by the disrupted voltage (CCTV system).
U, =JjeCR,U where: C, = coupling capacity
R,, = input impedance of disturbed element

In fig. 2, the disruptive coupling is presented function of the coupling impedance
Z . and disturbed route impedance Z

Z . = coupling impedance
Z , = characteristic impedance of the route subject to disturbance
4.5. Comments
1. - coupling impedance |Z| is higher;
- CCTV cable characteristic impedance Z , is:Z, =Z. =75+4[Q].

2. -1 m of coaxial cable provides [75 pF/m];
- 1 cm of grounding route determines [1nH];

- mutual inductance between two wires of 100 mm long, spaced at 2 mm,
is about 20 nH.

Disturbed

Perturbed
route Z route
(pO“’Cl‘ _g (CCT"'
cable) cable)
N

Fig. 2. Disruptive coupling function
of the coupling impedance and disturbed route impedance.
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4.6. Disruptive voltages on CCTV transmission cable
Disruptive measurement results:

4.6.1. CCTV cable (perturbed route): Dispatcher Unirii station -
IMGB Depot

U ., = disruptive voltage on CCTV cable (receptor)
U, =disruptive voltage

— ZN
~ PR T ZN +ZC

U . =60 mV (statistic)

U, :[Hﬁ)so
z,]

U r =120 mV (rare)

U :[Hﬁj.m

U 2
Uz =30 mV
Upz =40 mV
Upr =70 mV
U . =200 mV (on decoupling)
Zc=75)1
U Usr  |Zn

Fig. 3. CCTV cable (disturbed route): Dispatch Unirii station — IMGB Depot.
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4.6.2. CCTV cable (perturbed route): Dispatcher Unirii station —
IMGB 1

U : =40 mV: (Train on starting in Tineretului — Eroii Revolutiei)

U = =50 mV : (Tain on starting in Eroii Revolutiei — Brancoveanu)

U ., =—60 mV : (Train on starting in Brancoveanu — Eroii Revolutiei)

U =>40mV : (Train on starting in Brancoveanu — Piata Sudului)

U : =55mV: (Train on starting in Piata Sudului — Aparatorii Patriei)

U =30mV : (Train on starting in Aparatorii Patriei — IMGB 1)

U =—30mV : (Train on starting in IMGB 1 — Aparatorii Patriei)

U =—50 mV : (Train on starting in Aparatorii Patriei — Piata Sudului)
4.6.3. CCTV cable (perturbed route): Dispatcher Unirii station —

Piata Sudului

U = =20 mV: (Basic level with no train on starting)

U : =30 mV : (Train on starting in IMGB — Aparatorii Patriei)

U =20 mV: (Train on starting in Aparatorii Patriei — Piata Sudului)

U ; =30...40 mV : (Train on starting in Piata Sudului — Aparatorii Patriei)

U : =25mV: (Train on starting in Tineretului)

Ux =25mV: (Train on starting in Piata Sudului)

U =—30mV : (Train on starting in IMGB — Piata Sudului)

U ; =35...40 mV : (Train on starting in Tineretului — Unirii)
4.6.4. CCTV cable (perturbed route): Dispatcher Unirii station —

Brancoveanu

U x =20 mV: (Train on starting in Eroii Revolutiei — Unirii)

U . =20 mV: (Train on starting in Brancoveanu — Unirii)

U x =20 mV: (Train on starting in Unirii — IMGB)

U ., =30 mV : (Train on starting in Unirii — Depot)

U ., =30mV : (Train on starting in Tineretului — Unirii)
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5. Capacitive unbalance, neutral displacement, influence of CCTV -
Subway system

5.1. Influence of system

Electric (power) cable lines (ECL), regardless of the treatment of neutral,
influence CCTYV cables because of the electromagnetic field.

Influences depend on the nominal voltage of electric cable lines (20 kV),
distances of ECL and CCTV cables.

Electromagnetic influences depend on the current value of grounding, treatment of
neutral and homopolar current component (e.g. Harmonics of order 3k = 3, 6, 9,
12, ...).

Unbalance exists even at normal operating regime on the non-transposed lines.
Unbalance current is much smaller than the single-phase short circuit if ECL has
the neutral grounded.

Influences on telecommunications lines have two aspects: the risk of accident and
disturbances.

In term of risk of accident — the measures that are expected to avoid the induction
of hazardous voltages in case of short-circuits, are usually sufficient for lower
currents.

In terms of disturbance - the effects of short - circuit currents, that takes very little
time, are not normally taken into account, but only in special cases.

For disturbances, the asymmetry currents are important under normal operating
regime or grounding currents regime, when the ECL operates longer under
grounding currents regime.

5.2. Neutral displacement
Any movement of the neutral results in the appearance of a homopolar voltage.
This voltage V is due to existence of a transversal admittance:

Y,.,Ys, Y. different on the three phases:

V,=V+U,
Vg =V +U,
Ve =V +U,

These admittances are determined by the capacities of phases from the ground.
For a fully transposed line, for which capacities from the ground are equal, then:
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B U,Y,+UgY, +U.Y,
Yo+Ys +Y,

U, =-V

and if the neutral circuit has Y admittance:
CULY, +URY, +ULY,
Yo+Yg +Yo +Yy

U=-V

and so, there is no neutral displacement, then V = 0.
5.3. Capacitive unbalance

To determine the currents passing through capacities from the ground and
returning through the ground (if the homopolar circuit admittance is infinite), the
equivalent circuit can be determined either in the form of a voltage equivalent
equal to the neutral displacement voltage in series with the capacitive admittances
either as an injected current.

Equation (5.2) can be written in the form:
Ly =U (Ya+Ye+Ye)= DU Yy

k=A,B,C
From this relationship, the capacitive unbalance current I in the normal regime is
determined, calculating U, 1. This has the same value like the current determined
by neutral displacement voltage, applied to the admittance equal to the sum of the
capacitive admittances.

In a three-phase power line, the capacities between conductors and between
conductors and earth cause a capacitive consumption.

Fig. 4. Equivalent circuits for determining the capacitive currents returning through the earth.
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Average values of capacitances C and Co are:
C=2,3-10"° F/km
Co = 4-10” F/km

These capacities are combined in a balanced regime into a service capacity of
value:

Cs=C + 3Cy
Cs=10,9-10° F/km

Symmetrical capacitive current (average value) in the normal regime, with line to
line voltage U is:

| = %'chs 1107 [A/(KV -100 km)]
| = %-314-10.9-109 [A/(KV -100 km)]=0.2 [A/(kV -100 km)]
For Subway Line Il, U =20 kV:
| :M‘w-CS = 4[A/100 km] =
3

= 20-0,2 [A/100km] = 4 [A/100km] = 4000 [mA/100km] = 40 [mA/km]

In case of grounding of a phase, a returning path is created for the capacitive
currents passing through C.

The neutral displacement in this case has the value of the phase voltage V = U and
get the grounding current:

l, =3-U- j-0-Cy =+/3-U [KV]-314-4-10"° = 0, 22[ A/(kV-100 km)]
I, =21[mA/km]

For a soil resistivity of 10* Qcm, the value of mutual inductance between the lines
of force (homopolar circuit) and telecommunications line (CCTV), considering
the return through the earth, is about 0.25 Q/km.

On a parallelism of 10 km and a phase short - circuit current of 1 kA, the voltage
induced in the telecommunication line is 10x1000x0.25 = 2500 V/KA.
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C- C—
R R
R C —

Co— Co—

|

0O

N
|

Fig. 5. Capacities of a three phase power line.

Note: This study it was realised when the stations had another name. In the
present, some stations have another name only. For concordance, it was kept the
name of the station from the date when the study it was realised.

(1]

(2]

(3]

[4]

(5]

(6]

(7]

REFERENCES

Chiuta, A., Marthe, E., Aspecte de compatibilitate electromagnetica (EMC) - Proiect de
diploma postuniversitara in domeniul ingineriei electrice, 2002;

Chiuta, AL, Marthe, E., Communication par reseau electrique. Aspects de compatibilité
électromagnétique, SICEM 2002, Bucuresti, Roménia, 27 septembrie 2002;

Chiuta, A. 1., Popescu, M.O., Low Voltage Power Line Communication. Future
Perspectives, ATEE 2002, Bucuresti, Roménia, 29 noiembrie 2002;

Chiuta, A.L, Popescu, M.O., Consideratii privind analiza si modelarea retelei electrice de
joasa tensiune la frecventele din gama 1-30 MHz, SICEM 2003, Bucuresti, Romania, 26
septembrie 2003;

Chiuta, A.I, Popescu, M.O., Consideratii privind modelarea caracteristicilor de transfer
ale retelei electrice de joasa tensiune, SICEM 2004, Baile Herculane, Romania, 15
octombrie 2004;

Chiuta, A. 1., Popescu, M.O., Modele de circuit pentru refeaua de joasa tensiune utilizate
pentru transmisia de semnale, SNET 2004, Bucuresti, Romania, 22 octombrie 2004;

Chiuta, A. 1., Popescu, M.O., Consideratii privind simularea caracteristicilor de transfer
ale retelei de distributie a energiei electrice, SNET 2005, Bucuresti, Romania, 13 mai
2005;




Disturbances in The Power Supply Network of Bucharest Subway System 143

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

Chiuta, A. L., Popescu, M.O., Caracteristicile frecventiale ale retelelor electrice utilizate ca
suport de transmisie de semnal / Studiul caracteristicii de frecventd pentru retele electrice
de joasa tensiune folosite pentru transmiterea de date, SICEM 2006, Bucuresti, Romania, 9
noiembrie 2006, pp.160-190, ISBN 978-973-718-634-8;

Chiuta, A. L., Popescu, M.O., Evaluarea atenudrii de semnal in cladirea AOSR in scopul
utilizarii unui sistem PLC, Simpozionul International de Compatibilitate Electromagneticd,
Bucuresti 16-17 noiembrie 2007;

Chiuta, A.L, Popescu, M.O., Verificarea imunitatii unui sistem PLC "in situ”, SICEM 2007
(Al Vl-lea Simpozion Interdisciplinar de Compatibilitate ElectroMagneticd), 16-17
noiembrie 2007, Universitatea POLITEHNICA din Bucuresti;

Chiuta, A. L., Gross, 1., Secareanu, N.D., Roncea, M.A., Comunicatii prin refeaua electricd,
Editura Electra, Bucuresti, 2008, ISBN 978-606-507-013-4;

Chiuta Alexandru, Secdreanu Nicoleta Doriana, Theoretical postulation of PLC channel
model, Journal of Electrical and Electronics Engineering, vol. 2, nr. 1, 2009, University of
Oradea Publisher, ISSN 1844-6035, pp. 129-134;

A. L. Chiuta, M.O. Popescu, Transmission des données en utilisant le réseau électrique —
analyse d'un modele a quadripols, SIELMEN 2009, Iasi, 8-9 octombrie 2009;

A. 1. Chiuta, N. D. Secareanu, M.A. Roncea, Perturbatii in refeaua de alimentare a
sistemului de metrou, Masa rotunda "Infrastructura critica", CIEM 2009, Bucuresti, 13
noiembrie 2009;

A. 1. Chiuta, M. O. Popescu, Strategii de receptionare pentru comunicatii prin refeaua
electrica de joasa tensiune, SICEM 2009, Editura Printech Bucuresti, ISSN 2067-3728;

A. 1. Chiuta, M. O. Popescu, Transmission des données en utilisant le réseau électrique de
basse tension, Buletinul Stiintific al UPB, 2010;

lacobescu, Gh., lordanescu, 1., Tudose, M., Regele si sisteme electrice, Editura Didactica si
Pedagogica, Bucuresti, 1979;

Bercovici, M., Arie, A. Arie, Poeata, Al., Refele electrice. Calcul Electric, Editura Tehnica,
Bucuresti, 1974;

Carcelle, X., Les reseaux CPL, Eyrolles, ISBN: 2-212-11930-5;

Arzberger, M., Dostert, K., Zimmermann, M., Fundamental Properties of the Low Voltage
Power Distribution Grid, International Symposium on Power-Line Communications and its
Applications, Essen, Germania, 1997.




